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(57) ABSTRACT 

The invention provides a process for preparing polyisocyan 
ates, comprising the steps of 
a) reacting amines with phosgene, 
b) removing hydrogen chloride, excess phosgene and, if 

appropriate, the solvent from the reaction mixture, 
c) separating the liquid mixture from Step b) into a liquid 

phase and a gaseous phase, 
d) working up the gaseous phase from Step c) to give the 

polyisocyanate. 

20 Claims, 1 Drawing Sheet 
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1. 

PROCESS FOR PREPARING ISOCYANATES 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a 371 of PCT/EP08/061188, filed on 
Aug. 27, 2008, and claims priority to European Patent Appli 
cation No. 07115380.3, filed on Aug. 31, 2007. 

Di- and polyfunctional isocyanates, also referred to here 
inafter as polyisocyanates, such as tolylene diisocyanate 10 
(TDI), diphenylmethane diisocyanate (MDI), isophorone 
diisocyanate (IPDI) or hexamethylene diisocyanate (HDI) 
are valuable starting compounds for the preparation of poly 
urethanes. 

Di- and polyisocyanates and their preparation have been 15 
known for Some time and described many times. Known 
processes for preparing isocyanates such as TDI, MDI, IPDI 
or HDI are usually based on a phosgenation of the corre 
sponding amine with a Subsequent removal of the hydrogen 
chloride and of the excess phosgene. The crude isocyanate? 20 
Solvent mixture is then Subjected to a multistage workup in 
order to remove the solvent and troublesome low and high 
boilers. The solvents used for the preparation of the isocyan 
ates are preferably chlorinated aromatic hydrocarbons such 
as chlorobenzene, dichlorobenzene, trichlorobenzene or aro- 25 
matic hydrocarbons such as toluene, Xylene or benzene. Vari 
ous processes practiced on the industrial scale for preparing 
isocyanates are described, for example, in Ullmann's Ency 
clopedia of Industrial Chemistry. 
A disadvantage of the procedure described above is, 30 

though, that comparatively large residence times are present 
in the course of distillation of the pure product, which pro 
motes high boiler formation from the product of value. More 
over, in the course of the procedure described above, high 
boiling by-products formed in the reaction get into the 35 
workup, which promotes further high boiler formation from 
the isocyanate product of value. 

Accordingly, the yield is, for example, in the process for 
preparing TDI from tolylenediamine (TDA) usually only 
about 95%. 40 

These secondary components have the property of reacting 
with the isocyanates and thus of reducing the proportion of 
isocyanates in an isocyanate/by-product mixture. The diffi 
cult handling and the typical composition of such a residue is 
stated, for example, in DE 10260 093 A1. 45 
WO 2004/0456759 A1 describes, for example, the two 

stage removal of isocyanates from an isocyanate/high boiler 
mixture (stream 1). Streams 2 (bottoms) and 3 (distillate) are 
divided in a weight ratio of from 20:1 to 1:1. In other words, 
no more than 50% of stream 1 is drawn off via the bottom. The 50 
Solution is concentrated, pumped into a kneader and concen 
trated further there. 

It was an object of the present invention to develop a 
process for preparing polyisocyanates which can be operated 
with a high yield and which, in particular, avoids the yield 55 
losses which result in the workup of the crude isocyanate 
mixture. 

It has now been found that, astonishingly, the yield losses 
mentioned can be reduced effectively when the high-boiling 
compounds already present in the crude isocyanate mixture, 60 
for example ureas and their conversion products formed by 
phosgenation, i.e. carbodiimides, isocyanurates, uretdiones, 
are removed with a suitable apparatus design before or during 
the actual distillation sequence to remove the solvent and the 
low boilers. In addition, it has been found that a suitable 65 
preconcentration can dissociate some of the high-boiling 
components comprising the isocyanate back to the isocyan 

2 
ate, as a result of which yield losses via the bottom can firstly 
be reduced effectively, but secondly, contrary to the teaching 
to date, the bottom product remains free-flowing and hence 
readily conveyable even at high evaporation rates. Moreover, 
this prevents monomeric isocyanate from adding onto the 
high-boiling compounds in the course of workup and hence 
reducing the yield. 
The invention accordingly provides a process for preparing 

polyisocyanates, comprising the steps of 
a) reacting amines with phosgene, 
b) removing hydrogen chloride, excess phosgene and, if 

appropriate, the solvent from the reaction mixture, 
c) separating the liquid mixture from Step b) into a liquid 

phase and a gaseous phase, 
d) working up the gaseous phase from Step c) to give the 

polyisocyanate. 
Step c) can be performed in all apparatus known for this 

purpose. 
For instance, for the low boiler removal from products of 

value as performed in step c), one or more evaporation steps 
are suitable. U.S. Pat. No. 3,140,305 describes, for example, 
the use of a thin-film evaporator to remove the high boilers 
formed in the reaction. A disadvantage of the process 
described is, however, the comparatively complicated appa 
ratus design which is costly in its commissioning and in 
operation, for example owing to an increased maintenance 
requirement. Also conceivable is, for example, the use of 
falling-film evaporators. However, when a falling-film evapo 
rator is used, it is expected that the proportion of by-products, 
owing to the requirement for operation of the apparatus with 
a pumped circulation system and the resulting residence 
times, is significantly greater than in a thin-film evaporator. 
Moreover, falling-film evaporators can be operated only up to 
certain limiting viscosities, such that the amount of bottom 
product and hence the loss of isocyanates will be significantly 
greater. 
The advantages mentioned can be avoided by the use of a 

helical tube evaporator. 
Preference is therefore given to performing step c) in a 

helical tube evaporator. The helical tube evaporator is 
described, for example, in DE 19827852 A1, and in Chem. 
Ing. Tech (68), 1996, p. 706-710. The helical tube evaporator 
is a coiled tube with several turns, in which the concentration 
of a solution is carried out by heating the tube from the 
outside. At the entrance, by means of Superheating of the feed 
and decompression, a biphasic mixture is introduced into the 
helical tube evaporator. As a result of the evaporation in the 
coiled tube, a biphasic flow of high flow rate is generated 
rapidly, which allows very high heat transfer coefficients to be 
achieved. Moreover, caused by the high shear forces at the 
wall, substantial self-cleaning of the tube is achieved. The 
residence time in the apparatus is very low. At the exit, the 
biphasic flow is separated in a separator, for example gravi 
tational separator or centrifugal separator. 
The pressure downstream of the apparatus for step c), i.e. in 

the separator, is preferably from 5 to 200 mbar, especially 
from 5 to 30 mbar. 
The temperature at the exit of the apparatus for step c), i.e. 

in the separator, is preferably from 100 to 300°C., especially 
from 130 to 250° C. 

In an advantageous embodiment of the process according 
to the invention, the mixture from step b), before step c), is 
preheated under pressure and decompressed on entry into the 
apparatus for step c). This is done in an apparatus which is 
referred to hereinafter as a preheater. The preheater is prefer 
ably a heat exchanger. Suitable preheaters are, for example, 
tube bundle apparatus, plate apparatus, spiral heat transferors 
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or double tube apparatus. The selection, configuration and the 
design of such apparatus is known to those skilled in the art. 
The preheater and the helical tube evaporator can be heated 

with steam; heating with heat carriers, for example thermal 
oils, is equally conceivable. In addition, a method thermally 
integrated in the overall process is also conceivable. 
The conditions in the preheater should be selected such that 

evaporation does not occur at any point in the preheater. On 
entry of the superheated mixture from the preheater into the 
apparatus of step c), it is decompressed, which forms a bipha 
sic mixture. This is fed to the apparatus from step c) and 
concentrated there by Supplying further heat. Especially in 
the case of use of a helical tube evaporator, selection of the 
geometry, of the total flow rate and of the proportion of gas 
after the decompression in the tube allow a wavy film flow to 
be established. As a result, there is intensive mixing of the 
liquid film, Such that temperature and concentration gradients 
in the film are effectively degraded. Moreover, high shear 
stresses are present in the region of the wall. Such that the 
buildup of deposits on the heated walls is effectively pre 
vented. 
The evaporation rate to be achieved and hence the concen 

tration of the product of value in the bottom product is typi 
cally fixed by the selection of the heating temperature and of 
the pressure at the exit of step c), preferably in the separator, 
and can be determined, for example, by experiments. 

After step c), vapor and liquid are separated from one 
another. This can be done, for example, in a downstream 
separator. The vapors can, for example, be condensed in a 
condenser connected downstream of the separator and be 
passed to step d), especially the purifying distillation. The 
mixture is worked up there to give the pure isocyanate. 

It is equally possible in principle to transfer the vapors 
without a further condensation step directly into the purifying 
distillation of step d). 
The bottom product, whose viscosity depends on the 

evaporation rate, can be discharged from process step c), for 
example, with the aid of large-mouth gear pumps. 

Usually, according to the evaporation rate achieved, the 
bottom product, i.e. the liquid phase, may still comprise iso 
cyanate and dissociatable fractions of the isocyanate, i.e., in 
particular, uretdiones and uretonimines bonded covalently to 
the high molecular weight residue. The resulting yield losses 
can be reduced by treating the bottom product thermally, 
especially in a further evaporative concentration step. This 
can, for example, be done by another evaporative concentra 
tion in a helical tube evaporator. The use of mechanically 
wiped apparatus is also conceivable. Such as thin-film evapo 
rators or short-path evaporators. In this case, it may be nec 
essary to add flow aids to the residue obtained or to the bottom 
product from the first concentration stage. For instance, DE 
41 42 769 A1 describes the use of bitumen and DE 4127514 
A1 the use of MDI or PMDI as flow aids. Equally, the so 
called List kneaders or List degassers are conceivable in 
principle here. If appropriate, it is possible between or after 
one or both evaporation steps to provide a delay Zone, for 
example a vessel, paddle drier, stirred tank, tubular reactor, 
helical tube evaporator, heat exchanger, column bottom, 
extruder or kneader, especially a helical tube evaporator, to 
promote the dissociation. The residence time in the above 
examples is preferably 0.5-5 hat temperatures of 120-250° 
C., especially 159-240° C., and pressures according to the 
flow aid of 1 mbar-10 bar. 
The bottom product can be discharged from the process 

and sent to a utilization. However, this is less preferred since 
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4 
pure isocyanate and/or isocyanate readily recoverable from 
the bottom product which are present therein are also dis 
charged in this embodiment. 
The remaining bottom products, usually carbodiimides 

present in polymeric form and polycyclic chlorinated by 
products, can, for example, be disposed of by landfill or 
incinerated. Preferably, it is possible to hydrolyze them to the 
corresponding amine in a next step. The recovered amine can 
preferably be recycled into the phosgenation or be reacted 
with alkylene oxides to give polyether alcohols. 
As described, the process according to the invention can be 

employed in the case of all isocyanates prepared by phos 
genation. It is preferably used in the preparation of tolylene 
diisocyanate (TDI), diphenylmethane diisocyanate (MDI), 
isophorone diisocyanate (IPDI) or hexamethylene diisocyan 
ate (HDI), especially in the preparation of TDI. 
The basic principle of the process according to the inven 

tion using a helical tube evaporator is shown in general form 
in FIG. 1. The crude isocyanate solution is conveyed by 
means of a pump (1) into a preheater (2) and preheated there 
under pressure. To this end, the pressure at the pressure 
retaining valve (3) is adjusted Such that evaporation does not 
occur at any point in the preheater. The mixture Superheated 
to the pressure upstream of the helical tube evaporator (4) is 
decompressed at the pressure-retaining valve (3), which 
forms a biphasic mixture. The mixture is passed to the helical 
tube evaporator (4) and concentrated there by Supplying fur 
ther heat. As a result, there is intensive mixing of the liquid 
film, Such that temperature and concentration gradients in the 
film are effectively degraded. Moreover, high shear stresses 
are present in the region of the wall, such that the buildup of 
deposits on the heated walls is effectively prevented. The 
evaporation rate to be achieved and hence the concentration 
of the product of value in the bottom product is fixed by the 
selection of the heating temperature and can be determined, 
for example, by experiments. In the downstream separator 
(5), Vapor and liquid are separated from one another, and the 
vapors are condensed in the condenser (6) and sent to the 
purifying distillation downstream of the collector (7). 
The concentration is effected at pressures in the separator 

of from 2 to 100 mbar, preferably at pressures of from 5 to 30 
mbar. The exit temperatures from the preheater and the helical 
tube evaporator are from 100 to 300 degrees, preferably from 
130 to 250 degrees. 
The evaporation rate (flow rate of the vapors based on the 

flow rate of the stream flowing in) is preferably from 85 to 
99% by weight, more preferably from 90 to 98% by weight. 
The invention will be illustrated in detail by the examples 

which follow. 

EXAMPLE 1. 

Not Inventive 

TDI was synthesized from TDA and phosgene. The reac 
tion effluent comprised 77% TDI, 20% chlorobenzene and 
3% unevaporable residue. The toluene solvent was drawn off 
via the top and TDI in each case via the bottom in two steps in 
columns K1 (bottom temperature 160° C.) and K2 (bottom 
temperature 170° C.). In column K3 (bottom temperature 
150° C.), TDI was drawn via the top, and the heavy products 
were drawn off via the bottom in concentrated form and 
concentrated in a paddle drier (List reactor). The yield of the 
process was 95 w/w % TDI. The mean thermal stress in three 
column bottoms K1, K2 and K3 was 160° C. at a cumulative 
residence time of 4 hours. In the column bottoms, 3.5 w/w % 
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yield was lost through the thermal stress and the associated 
yield losses as a result of isocyanurate formation. 

The viscosity of the bottoms of K3 at 130°C. was approx. 
800 mPas (25 w% TDI) 

EXAMPLE 2 

Inventive 

TDI was synthesized from TDA and phosgene as in 
example 1. The reaction effluent comprised 77% TDI, 20% 
chlorobenzene and 3% unevaporable residue. In a helical tube 
evaporator W1, TDI and solvent were drawn via the top 
upstream of K1. The concentration rate was 96.5%. The pres 
sure in the separator was 5 mbar. The yield of the process was 
now 96.2%. The viscosity of the bottom product cooled to 80° 
C. was only 400 mPas (20 w 96 TDI) and was thus easier to 
handle. 

The solvent was drawn off via the top and TDI via the 
bottom, again in two steps, in columns K1 and K2 which 
worked under the conditions as described in example 1. In 
column K3, which likewise worked under the conditions as in 
example 1, TDI was drawn via the top, and a now very small 
amount of TDI and heavy product was drawn off via the 
bottom of K3 in concentrated form and concentrated in a 
paddle drier (List reactor) together with the residue of the 
helical tube evaporator. In the column bottoms of K1, K2 and 
K3, the concentration of secondary components was so low 
that no further significant yield-reducing heavy product for 
mation occurred. 
The bottoms of the helical tube evaporator were sent to a 

kneading reactor (List reactor) at 40 mbar and 240° C. The 
residence time was approx. 2-3 hours. In the feed, 20% TDI 
and 80% distillation residue were present. At the solids exit of 
the kneading reactor, only a residue which comprised 40% of 
the amount used was obtained. The vapors comprised more 
than 99 W/w % TDI. 

EXAMPLE 3 

Inventive 

TDI was synthesized from TDA and phosgene as in 
example 1. The reaction effluent comprised 77% TDI, 20% 
chlorobenzene and 3% unevaporable residue. In the helical 
tube evaporator W1, TDI and solvent were drawn via the top. 
The concentration rate was 96.5%. The pressure in the sepa 
rator was 5 mbar. The yield of the process was now 96.2%. 
The viscosity of the bottom product cooled to 80°C. was only 
400 mPas (20 w 96 TDI) and was thus easier to handle. 
The solvent was drawn off via the top and TDI via the 

bottom, again in two steps, in columns K1 and K2 which 
worked under the conditions as described in example 1. In 
column K3, which worked under the conditions as in example 
1, TDI was drawn via the top, and a now very small amount of 
TDI and heavy product was drawn off via the bottom of K3 in 
concentrated form and concentrated in a circulation evapora 
tor with a vapor separator together with the residue of the 
helical tube evaporator. In the column bottoms of K1, K2 and 
K3, the concentration of secondary components was now so 
low that no further significant heavy product formation 
occurred. 
The residence time in the circulation evaporator was 

approx. 1.5 hours. The bottom temperature was 150°C. In the 
feed, 20% TDI and 80% distillation residue were present. At 
the entrance of the evaporator, the residue was diluted 1:1 
w/w with dichlorobenzene. 
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6 
At the top of the circulation evaporator, a mixture ofdichlo 

robenzene and TDI was drawn off. At the bottom of the 
circulation evaporator, a mixture of TDI and residue was 
drawn off. 
As a result of the thermal treatment, 20-25 w/w % of the 

residue was converted to TDI. 

EXAMPLE 4 

Inventive 

TDI was synthesized from TDA and phosgene as in 
example 1. The reaction effluent comprised 77% TDI, 20% 
chlorobenzene and 3% unevaporable residue. 

In the helical tube evaporator W1, TDI and solvent were 
drawn via the top. The concentration rate was 96.5%. The 
pressure in the separator was 5 mbar. The yield of the process 
was now 96.2%. The viscosity of the bottom product cooled 
to 80° C. was only 400 mPas (20 w % TDI) and was thus 
easier to handle. 
The solvent was drawn off via the top and TDI via the 

bottom, again in two steps, in columns K1 and K2 which 
worked under the conditions as described in example 1. In 
column K3, which worked under the conditions as described 
in example 1, TDI was drawn via the top and a now very small 
amount of TDI and heavy products was drawn off via the 
bottom in concentrated form and concentrated in a circulation 
evaporator with a vapor separator together with the residue of 
the helical tube evaporator. In the column bottoms of K1, K2 
and K3, the concentration of secondary components was so 
low that no further significant heavy product formation 
occurred. 
The residence time in the circulation evaporator was 

approx. 1.5 hours. The bottom temperature was 150°C. In the 
feed, 20% TDI and 80% distillation residue were present. At 
the entrance of the evaporator, the residue was diluted 1:1 
w/w with dibutyl phthalate. 
At the top of the circulation evaporator, TDI is drawn off. 

At the bottom of the circulation evaporator, a mixture of TDI 
and dibutyl phthalate was drawn off. 
As a result of the thermal treatment, 20-25 w/w % of the 

residue was converted to TDI. 

The invention claimed is: 
1. A process, comprising 
reacting an amine with phosgene to obtain a crude isocy 

anate mixture comprising an isocyanate, a high-boiling 
component, hydrogen chloride, unreacted phosgene, 
and, optionally, Solvent, 

removing the hydrogen chloride, unreacted phosgene and, 
optionally, the solvent from the crude isocyanate mix 
ture to obtain a second mixture comprising an isocyan 
ate and a high-boiling component, 

preheating the second mixture, 
after said preheating, separating, in a helical tube evapora 

tor, the second mixture into a liquid phase comprising 
the high-boiling component and a gaseous phase com 
prising the isocyanate, and 

isolating the isocyanate from the gaseous phase after said 
separating. 

2. The process according to claim 1, wherein said preheat 
ing comprises decompressing the second mixture prior to said 
separating, thereby forming a biphasic mixture prior to said 
separating. 

3. The process according to claim 1, wherein the pressure 
downstream of the helical tube evaporating of said separating 
is from 5 to 200 mbar. 
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4. The process according to claim 1, wherein the pressure 
downstream of the helical tube evaporating of said separating 
is from 5 to 30 mbar. 

5. The process according to claim 1, wherein the tempera 
ture at the exit of the helical tube evaporating of said separat 
ing is from 100 to 300° C. 

6. The process according to claim 1, wherein the tempera 
ture at the exit of the helical tube evaporating of said separat 
ing is from 130 to 250° C. 

7. The process according to claim 1, wherein said isolating 
comprises condensing the gaseous phase obtained from said 
separating. 

8. The process according to claim 1, further comprising 
thermally treating the liquid phase obtained from said sepa 
rating to evaporate and obtain isocyanate present in the liquid 
phase obtained from said separating. 

9. The process according to claim 8, wherein the thermal 
treatment is performed in an apparatus present as a delay 
ZO. 

10. The process according to claim 9, wherein the appara 
tus is a vessel, paddle drier, stirred tank, tubular reactor, 
helical tube evaporator, heat exchanger, column bottom, 
extruder or kneader. 

11. The process according to claim 8, wherein said thermal 
treating is performed in a helical tube evaporator. 

12. The process according to claim 8, wherein said thermal 
treating is performed at a temperature of 120-250° C. 
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13. The process according to claim 8, wherein said thermal 

treating is performed at a temperature of 150-240°C. 
14. The process according to claim 1, further comprising 

passing the liquid phase obtained from said separating 
through a thin-film evaporator or short-path evaporator. 
15. The process according to claim 1, further comprising 

hydrolyzing the high-boiling compound present in the liquid 
phase obtained from said separating to obtain an amine, and 

recycling the amine into said reacting. 
16. The process according to claim 1, wherein the isocy 

anate is selected from the group consisting of tolylene diiso 
cyanate, diphenylmethane diisocyanate, isophorone diisocy 
anate and hexamethylene diisocyanate. 

17. The process according to claim 1, wherein the isocy 
anate is tolylene diisocyanate. 

18. The process according to claim 1, further comprising, 
after said removing and before said separating, forming a 
biphasic mixture comprising a gaseous phase comprising the 
isocyanate and a liquid phase comprising the high-boiling 
compound. 

19. The process according to claim 1, wherein said isolat 
ing comprises condensing and distilling the gaseous phase 
comprising the isocyanate. 

20. The process according to claim 19, wherein the high 
boiling component comprises a urea, a carbodiimide, an iso 
cyanurate, a uretdione, or a combination thereof. 

k k k k k 


